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Our experimental approach has been directed along two main 
goals (1) the implementation of a novel approach to melt growth 
in a partially confined configuration; and (2) the investigation 
of point defect interactions and electronic characteristics as 
related to thermal treatment following solidification and stoi- 
chiometry. Significant progress has been made along both fronts. 
Crystal growth of GaAs in triangular ampuls has already been 
carried out successfully and consistent with our model. In fact, 
pronounced surface tension phenomena which cannot be observed in 
ordinary confinement systems have been identified and should per- 
mit the assessment of Maragoni effects prior to space processing. 
Regarding thermal treatment, we have discovered that the rate of 
cooling from elevated temperatures is primarily responsible for 
a whole class of defect interactions affecting the electronic 
characteristics of GaAs and that stoichiometry plays a critical 
role in the quality of GaAs. 
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INTRODUCTION - MOTIVATION 
The advantages of near-zero gravity conditions in materials processing 
in general and solidification (crystal growth) in particular have been 
demonstrated, at least qualitatively, in a limited number of rather primi- 
tive experiments. Valid questions, however, have been raised and remain 
unanswered regarding the consequences of total confinement of the melt prior 
to solidification (i.e., stresses resulting from volume expansion during 
solidification, contamination of the melt surface, and others). Total con- 
finement could also have obscured the study of the effects of surface-driven 
convection (klaragoni effect) which continue to be a fundamental issue regarding 
materials processing in space. 
An additional issue became critically evident following the analysis of 
the results of experiments carried out in space. The effects of near-zero 
gravity conditions can be quantitatively assessed only if reliable approaches 
and techniques are available for characterization of the system in question on 
earth and following processing in space. Furthermore, it is imperative that 
ground research addresses the study and control of all experimental parameters 
and conditions which could possibly interfere with the identification and 
assessment of the zero gravity effects and/or lead to artifacts attributable 
to space processing. 
It was with the above questions in mind that we entered into our present 
program. We also gave critical consideration to the choice of the material. 
We chose a material which would permit the optimization of the scientific 
benefits resulting from the elimination of convective interference. In 
addition, we considered it important to address the potential technological 
impact that these scientific benefits might have. 
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THE MATERIAL 
We have chosen GaAs t o  grow i n  s i n g l e  c r y s t a l  form from t h e  m e l t :  
The d e f e c t  s t r u c t u r e  of t h i s  semiconductor  p r e s e n t s  i m e n s e  c h a l l e n g e s  
r e g a r d i n g  t h e  n a t u r e  and o r i g i n  of d e f e c t s ,  t h e i r  i n t e r a c t i o n s ,  and t h e i r  
e f f e c t s  on t h e  c r i t i c a l  e l e c t r o n i c  p r o p e r t i e s .  The unders tanding  of t h e  
e f f e c t s  of s t o i c h i o m e t r i c  v a r i a t i o n s ,  commonly p r e s e n t  i n  GaAs, i s  s e v e r e l y  
i n t e r f e r e d  w i t h  by gravi ty- induced  convec t ion  d u r i n g  s o l i d i f i c a t i o n .  I n  
t u r n ,  c o n v e c t i v e  e f f e c t s  on c l a s s i c a l  s e g r e g a t i o n  k i n e t i c s  a r e  u s u a l l y  
obscured by s t o i c h i o m e t r y  v a r i a t i o n s .  The d e f e c t  s t r u c t u r e  and s e g r e g a t i o n  
k i n e t i c s  i n f l u e n c e d  by thermal  convec t ion  are a t  t h e  same t i m e  s u b s t a n t i v e l y  
a f f e c t e d  by Fermi s t a t i s t i c s .  
G a A s ,  because  of i t s  h i g h  e l e c t r o n  m o b i l i t y  and d i r e c t  energy  gap,  i s  
t h e  most impor tan t  semiconductor  f o r  a broad spectrum of a p p l i c a t i o n s  i n  
o p t o e l e c t r o n i c  and u l t r a  h i g h  speed energy c i r c u i t s .  Next t o  s i l i c o n ,  G a A s  
i s  developing  t o  b e  t h e  most wide ly  used semiconductor .  I n  f a c t ,  G a A s  t ech-  
nology i s  now e n t e r i n g  t h e  e a r l y  s t a g e s  of e x p l o i t i n g  t h e  g r e a t  p o t e n t i a l  of 
t h i s  m a t e r i a l .  F u t u r e  p r o g r e s s  w i l l  depend on a c h i e v i n g  c r y s t a l s  w i t h  repro-  
d u c i b l y  c o n t r o l l e d  d e f e c t  s t r u c t u r e  t o  meet t h e  i n c r e a s i n g  needs of  d e v i c e  
p r o c e s s i n g .  
BACRGROUh’D 
The f o l l o w i n g  major  r e a s o n s  prec luded  t h e  c o n s i d e r a t i o n  of  a t o t a l  con- 
f inement  c o n f i g u r a t i o n  ( u s e  of a c y l i n d r i c a l  ampul c o n f i n i n g  t h e  m e l t  t o  b e  
s o l i d i f i e d )  f o r  t h e  growth. of semiconductor  c r y s t a l s :  (1) The o b s e r v a t i o n  of 
a network of r i d g e s  a t  t h e  s u r f a c e s  of t h e  InSb c r y s t a l s  grown under  t o t a l  
confinement  i n  t h e  Skylab m i s s i o n  (F ig .  1). The p r e s e n c e  of such  r i d g e s  
i n t e r f e r e s  w i t h  t h e  s t u d y  of c e r t a i n  a s p e c t s  of t h e  growth p r o c e s s .  ( 2 )  Volume 
expans ion  upon s o l i d i f i c a t i o n  i n  t h e  c a s e  of semiconductors  l e a d s  t o  stresses 
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which i n t e r f e r e  s e v e r e l y  w i t h  t h e  s t u d y  of t h e  d e f e c t  s t r u c t u r e  by c o n t r o l -  
l a b l e  growth c o n d i t i o n s  ( thermal  g r a d i e n t s ,  growth ra tes ,  c o o l i n g  r a t e s ,  and 
o t h e r s ) .  ( 3 )  The s t u d y  of s u r f a c e  t e n s i o n  e f f e c t s  cannot  b e  addressed  i f  
t h e  e n t i r e  s u r f a c e  of t h e  m e l t  i s  i n  c o n t a c t  w i t h  t h e  c o n f i n i n g  w a l l s  of 
t h e  c o n t a i n e r .  ( 4 )  W e  have d i s c o v e r e d  i n  our  ground-based r e s e a r c h  t h a t  
s t o i c h i o m e t r i c  v a r i a t i o n s  a r e  caused by thermal  convec t ion  and l e a d  t o  i m p u r i t y  
s e g r e g a t i o n  which i s  t o t a l l y  u n r e l a t e d  t o  t h e  accepted  c l a s s i ca l  s e g r e g a t i o n  
k i n e t i c s .  For  example, i n  t h e  case of Ge and S i  i m p u r i t i e s ,  c o n v e c t i v e  cur -  
r e n t s  ( s t o i c h i o m e t r i c  f l u c t u a t i o n s )  lead t o  f l u c t u a t i o n  i n  t h e  o c c u p a t i o n  of 
t h e  G a  and A s  s i tes  r a t h e r  t h a n  i n  t h e  o v e r a l l  c o n c e n t r a t i o n  of t h e s e  e lements  
i n  t h e  c r y s t a l  (F ig .  2 ) .  Thus, c o n t r o l  of s t o i c h i o m e t r y  is  i m p e r a t i v e  i n  t h e  
s t u d y  of G a A s  c r y s t a l  growth; p r e c i s e  s t o i c h i o m e t r y  c o n t r o l  can b e  achieved  
by c o n t r o l l i n g  t h e  A s  p a r t i a l  vapor  p r e s s u r e  over  t h e  m e l t  d u r i n g  s o l i d i f i c a -  
t i o n .  Such c o n t r o l  i s  o b v i o u s l y  i m p o s s i b l e  i n  a t o t a l  confinement  c o n f i g u r a t i o n .  
THE EXPERIMEhTAL APPROACH 
The e x p e r i m e n t a l  approach h a s  been d i r e c t e d  a l o n g  two main g o a l s :  
( a )  t h e  implementa t ion  and s t u d y  of a novel  c o n f i g u r a t i o n  f o r  c r y s t a l  growth 
under  p a r t i a l  conf inement ,  and (b) t h e  i n v e s t i g a t i o n  of n a t i v e  d e f e c t s  i n t e r -  
a c t i o n s  and t h e  key e l e c t r o n i c  c h a r a c t e r i s t i c s  ( c a r r i e r  c o n c e n t r a t i o n  and 
c a r r i e r  m o b i l i t y )  a s  r e l a t e d  t o  t h e  thermal  c y c l e  f o l l o w i n g  s o l i d i f i c a t i o n  
and t o  s t o i c h i o m e t r y  . 
P a r t i a l l y  Confined C o n f i g u r a t i o n  
The n o v e l  p a r t i a l l y  conf ined  c o n f i g u r a t i o n  conceived f o r  t h e  growth 
of G a A s  c r y s t a l s  from t h e  m e l t  i n  s p a c e  i s  shown s c h e m a t i c a l l y  i n  F i g .  3 .  
The m e l t  r e s u l t i n g  from a c y l i n d r i c a l  c h a r g e  i s  conf ined  i n  a t r i a n g u l a r  
p r i s m .  I n  t h e  absence  of g r a v i t y  t h e  s u r f a c e  energy of t h e  m e l t  i s  minimized 
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by a c q u i r i n g  a c y l i n d r i c a l  shape.  The key f e a t u r e s  of t h i s  new c o n f i g u r a t i o n  
a r e  as f o l l o w s :  
1. The m e l t  i s  o n l y  p a r t i a l l y  c o n f i n e d ,  i . e . ,  t h e  c o n t a c t  a r e a  
2.  Large f r e e  s u r f a c e  of t h e  m e l t  and t h e  l a r g e  empty s p a c e  
a s s u r e  e f f i c i e n t  c o n t r o l  of  t h e  m e l t  composi t ion through 
t h e  m e l t  i n t e r a c t i o n  w i t h  a r s e n i c  vapor .  
between t h e  w a l l s  of t h e  c o n t a i n e r  and t h e  m e l t  i s  minimized. 
3 .  Large empty s p a c e  i n  t h e  c o n t a i n e r  i s  b e n e f i c i a l  f o r  accom- 
modation of t h e  volume expansion (%ll%) t a k i n g  p l a c e  upon 
s o l i d i f i c a t i o n  of GaAs. 
The growth ampul i s  made of q u a r t z  o r  p y r o l y t i c  boron n i t r i d e .  Upon p r o p e r  
s u r f a c e  p r e p a r a t i o n ,  b o t h  of t h e s e  materials e x h i b i t  h i g h l y  d e s i r e d  non- 
w e t t i n g  c h a r a c t e r i s t i c s .  U t i l i z a t i o n  of q u a r t z  l e a d s  t o  S i  c o n t a m i n a t i o n ;  
however, t h i s  p r o c e s s  can  b e  e f f e c t i v e l y  suppressed  by oxygen added i n t o  
t he  growth ampul. 
A H o r i z o n t a l  Bridgman (HB) a p p a r a t u s  c o n s t r u c t e d  f o r  t h e  growth of 
G a A s  i n  : s t a n d a r d  b o a t s  ( F i g u r e s  4 and 5 )  h a s  been a d a p t e d  f o r  o u r  ground- 
based  exper iments  w i t h  t h e  p a r t i a l l y - c o n f i n e d  c o n f i g u r a t i o n .  The a p p a r a t u s  
h a s  t h r e e  t e m p e r a t u r e  zones f o r  a c h i e v i n g  t h e  d e s i r e d  t e m p e r a t u r e s  and 
t e m p e r a t u r e  g r a d i e n t s .  The low tempera ture  zone which d e t e r m i n e s  t h e  p a r t i a l  
p r e s s u r e  of A s  o v e r  t h e  m e l t  i s  c o n t r o l l e d  by a h e a t  p i p e  which l e a d s  t o  excel- 
l e n t  t e m p e r a t u r e  c o n t r o l .  It should  be p o i n t e d  o u t  t h a t  i n  t h i s  HB a p p a r a t u s  
t h e  viewing p o r t  t o  f a c i l i t a t e  s e e d i n g  h a s  been e l i m i n a t e d  t o  minimize t h e r m a l  
symmetry and t h u s  minimize g r a d i e n t - d r i v e n  convec t ion  i n  t h e  m e l t .  
D e f e c t  I n t e r a c t i o n s  R e l a t e d  t o  t h e  Rate of Cooling 
We have des igned  and c o n s t r u c t e d  e x p e r i m e n t a l  f a c i l i t i e s  f o r  t h e  f a s t  
c o o l i n g  of G a A s  c r y s t a l s  from v e r y  h i g h  tempera tures  (about  1200'C) and a l s o  
f o r  a n n e a l i n g  G a A s  c r y s t a l s  a t  lower tempera tures  ( i n  t h e  v i c i n i t y  of 800'C). 
I n  b o t h  i n s t a n c e s  t h e  A s  vapor  p r e s s u r e  o v e r  t h e  c r y s t a l  i s  b e i n g  c o n t r o l l e d  
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and main ta ined  under  n e a r  e q u i l i b r i u m  c o n d i t i o n s  t o  avoid  thermal  e t c h i n g  
d u r i n g  h e a t  t r e a t m e n t  o r  o t h e r  a d v e r s e  e f f e c t s .  
F a c i l i t i e s  f o r  c u t t i n g ,  p o l i s h i n g  and e t c h i n g  of G a A s  a r e  a v a i l a b l e  
i n  our  l a b o r a t o r y .  I n  a d d i t i o n ,  a wide spectrum of c h a r a c t e r i z a t i o n  
f a c i l i t i e s  h a s  been developed f o r  t h e  c h a r a c t e r i z a t i o n  of G a A s  c r y s t a l s  
on a micro- and macro-scale .  These f a c i l i t i e s  i n c l u d e  H a l l  e f f e c t  measure- 
ments (over  a wide range  of t e m p e r a t u r e s ) ,  deep level t r a n s i e n t  s p e c t r o s c o p y  
(DLTS), photo-DLTS, i n f r a r e d  a b s o r p t i o n ,  photoluminescence,  and e l e c t r o n  
beam induced c u r r e n t  (EBIC) s p e c t r o s c o p y .  
I 
RESULTS 
We have c a r r i e d  o u t  a series o f  p r e l i m i n a r y  exper iments  u s i n g  t r i a n g u l a r  
p r i s m a t i c  c o n t a i n e r s  of BN w i t h  t h e  s i d e  of t h e  t r i a n g u l a r  c r o s s  s e c t i o n  
be ing  3 mm long .  They were p o s i t i o n e d  v e r t i c a l l y  on a s t r i p  h e a t e r  t o  minimize 
t h e  e f f e c t  of g r a v i t y  on t h e  l a t e r a l  f i l l i n g  of t h e  c o n t a i n e r s .  Low m e l t i n g  
p o i n t  metal a l l o y  w i r e s  (Pb-In-Sn) were i n s e r t e d  i n t o  t h e  c a v i t y .  The wires 
were h e a t e d  from t h e  bot tom ( f r e e  e n d s ) .  I n  a l l  i n s t a n c e s ,  upon s o l i d i f i c a t i o n ,  
t h e  t r i a n g u l a r  c a v i t y  w a s  n o t  comple te ly  f i l l e d .  
I n  t h e  l i g h t  of t h e  above p r e l i m i n a r y  exper iments  w e  proceeded w i t h  
t h e  c o n s t r u c t i o n  of t r i a n g u l a r  q u a r t z  pr i sms  i n  which a c y l i n d r i c a l  charge  
of  G a A s  w i t h  a c r o s s - s e c t i o n  d i a m e t e r  of 4 mm could  b e  i n s e r t e d  ( F i g .  6 ) .  
Growth exper iments  w e r e  carried o u t  i n  t h e  HB a p p a r a t u s  by t r a v e r s i n g  t h e  
p r i s m a t i c  c o n t a i n e r  th rough t h e  a p p r o p r i a t e  thermal  g r a d i e n t s .  
The r e s u l t s  of t h e  f i r s t  t r i a l  exper iments  are v e r y  g r a t i f y i n g .  A s  
I shown i n  segments of F i g .  6 ,  even i n  t h e  H o r i z o n t a l  Bridgman c o n f i g u r a t i o n  t h e  
GaAs m e l t  does  n o t  f i l l  t h e  e n t i r e  c a v i t y ,  provided t h e  i n t e r n a l  s u r f a c e s  of t h e  
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prismatic container are properly prepared. A s  a result, an equilibrium 
A s  pressure is maintained over the melt. 
These crystals exhibit excellent electronic characteristics (as good 
as we have achieved in our HB apparatus using conventional boats). In 
addition, however, striking surface tension phenomena were revealed. These 
Fhenonena are of an oscillatory nature. The observed oscillations had three 
different spacings: about 1 mm, 100 pm, and 10 vm (Figures 7 and 8 ) .  
Analysis of these oscillations was carried out by chemical etching and 
photoluminescence. Some results are shown in Figures 9 through 12 . It is 
seen that the surface morphology oscillations are clearly reflected in the 
chemical (etching) and electronic (photoluminescence) characteristics of the 
material. These results are quite recent, and their analysis is still not 
complete. It appears, however, that they are most likely surface tension 
driven from variations in surface tension which may originate in variations 
in melt composition and/or thermal gradients. 
tive modeling shows that even small changes in surface tension can lead to 
substantive changes in the contact angle and thus to a cross section area of 
the melt. In fact, in Table I we present the results of estimated changes in 
surface tension which can lead to oscillation of the type observed in the 
crystals 
Very preliminary and qualita- 
(see also Figures 13, 14, and 15). 
In the near future we plan to continue our growth experiments with emphasis 
on the effect of stoichiometry on the melt as controlled by the A s  partial 
pressure. Since the A s  ambient minimizes contamination of the melt surface, 
it is expected that small variations in the stoichiometry of the melt should 
result in substantive variations in surface tension. In addition, we intend 
to introduce contaminants (e.g., oxygen) in the gas phase to study the effects 
of such contaminants on surface tension phenomena. We are hopeful that we will 
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b e  a b l e  t o  a t t a i n  e x p e r i m e n t a l l y  an  assessment  of t h e  e f f e c t s  of s u r f a c e  
t e n s i o n  v a r i a t i o n s .  
I n  p a r a l l e l  w i t h  t h e  growth exper iments  w e  pursued t h e  i n v e s t i g a t i o n  
of t h e  c o o l i n g  c y c l e  on t h e  f i n a l  p r o p e r t i e s  of GaAs c r y s t a l s .  I n  accord  
w i t h  our  p r e v i o u s  r e s u l t s  w e  found t h a t  t h e  c o o l i n g  c y c l e  h a s  a profound 
e f f e c t  on t h e  key p r o p e r t i e s  of G a A s  such a s  r e s i s t i v i t y ,  carr ier  concent ra -  
t i o n ,  ca r r ie r  m o b i l i t y ,  excess c a r r i e r  l i f e t i m e ,  deep leve l  t r a p s ,  compensat ion,  
thermal  s t a b i l i t y ,  macro- and microscopic  u n i f o r m i t y ,  and d i s l o c a t i o n  d e n s i t y .  
We a l s o  found t h a t  c o o l i n g - r e l a t e d  p r o c e s s e s  may o b s c u r e  t h e  i d e n t i f i c a -  
t i o n  of s o l i d i f i c a t i o n - r e l a t e d  phenomena, and they  could b e  mis taken  f o r  
s e g r e g a t i o n - r e l a t e d  growth v e l o c i t y  e f f e c t s .  
I n  o u r  e x p e r i m e n t a l  approach w e  compare c r y s t a l s  grown under  d i f f e r e n t  
s o l i d i f i c a t i o n  ra tes  w i t h  t h o s e  s o l i d i f i e d  a t  t h e  same rates b u t  s u b j e c t e d  
t o  a d i f f e r e n t  c o o l i n g  rate.  We concluded t h a t  t h e  c o o l i n g  r a t e  i s  a f a r  
more r e l e v a n t  parameter  t h a n  t h e  s o l i d i f i c a t i o n  ra te .  
W e  a l s o  u t i l i z e d  growth i n  magnet ic  f i e l d s  t o  i d e n t i f y  p r o p e r t i e s  
a f f e c t e d  by s o l i d i f i r a t i o n  (some r e s u l t s  are shown i n  F i g .  1 6 ) .  
A d r a m a t i c  i l l u s t r a t i o n  of t h e  importance of a c o o l i n g  c y c l e  is  
provided  by ITC G a A s ,  a new t y p e  of G a A s  w i t h  - i n v e r t e d  - t h e r m a l  c o n v e r s i o n ,  
which i s  o b t a i n e d  by f a s t  c o o l i n g  of a G a A s  c r y s t a l  from 1200°C ( F i g .  1 7  ) .  
A d e t a i l e d  d i s c u s s i o n  of t h i s  mater ia l  d i s c o v e r e d  i n  o u r  l a b o r a t o r y  i 2  t h e  
c o u r s e  of t h i s  s t u d y  appeared i n  a r e c e n t  p u b l i c a t i o n  (Appl. Phys.  Let ters  
- 49,  892 ( 1 9 8 6 ) .  
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Our novel partially confined configuration for the growth of GaAs 
single crystals in space has been extensively tested on the ground. Even 
on the ground growth proceeds with a substantial fraction of free surface. 
We expect that in space our configuration will approach levitation conditions 
with perfectly controlled ambient. In the light of the results to date we 
will be able to study crystal growth parameters without interference, not 
only from gravity driven convection, but also from confining walls. Further- 
more, it will be possible to investigate in semiconductor growth the effects 
of surface driven variations. 
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Table I 
IhXOMOGENEITIES IN GaAs GROLT 
UNDER PARTIAL CONFIKE?lEh’T 
Inhomogeneities 
~ R / R  Spacing 
Magnitude 
Macroscopic (a 1 5% 1 m m  
Intermediate(b) <O. 3% 50-100 Urn 
(c> -- 10-20 pm Mic r os c o p i c 
Estimated Surface 
Tension Fluctuations 
Pia gni t ud e 
bv I V  Period 
5% 10 min 
0.5-1 min <1% 
-- 4-15 s 
(a)Seen as changes in crystal diameter‘, R. 
(b)Seen in photoluminescence and differential etching. 
(“Seen in differential etching. 
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FIGURE CAPTIONS 
Figure 2. Electron concentration and ionized impurity microprofiles of 
Si-doped melt-grown GaAs. (a) and (b) correspond to different 
segments of the same crystal. n is the net free electron con- 
centration, N is the concentration of Si in A s  sites, and ND 
is the concentration of Si in Ga sites. N +N is total Si 
concentration. Note that variations in n are not necessarily 
related to variations in N +N 
A 
A D  
A D' 
Figure 3 .  Schematic representation of the partially-confined configuration 
in Horizontal Bridgman mode including the corresponding tempera- 
ture profiles. 
Figure 4 .  Horizontal Bridgman growth apparatus and thermal profile (top). 
The quartz ampul contains the As source, 1; a breakable seal, 
2; and seal breaking weight, 3; the quartz diffusion barrier, 
4 ;  a quartz boat, 5 ;  the GaAs seed crystal, 6; and polycrystal- 




Top segment quartz triangular prisms containing GaAs cylin- 
drical charge; sandblasting the internal surfaces causes the 
upper prism to be opaque. . _  . .  
Middle segment Portion of the GaAs crystal after growth; the 
cylindrical seed and the grown crystal are clearly delineated. 
Bottom segment Cross section of crystal grown in the triangular 
prism container. On the left-hand side it is apparent that the 
melt wetted the container; on the right-hand side growth took 
place under clean conditions. 
Oscillations on as-grown crystal (spacing about 1 mm). 
Schematic representation of oscillations on crystals. 
Figure 10. Oscillations revealed by profilometer scanning. 
Figure 11. Oscillations revealed by profilometer scanning. 
Figure 12. Photoluminescence scanning revealing oscillations in crystals 
grown in partially confined configuration. 
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F i g u r e  13. R e p r e s e n t a t i o n  of  c o n t a c t  a n g l e  of m e l t  w i t h  q u a r t z  
c o n t a i n e r .  
F i g u r e  1 4 .  R e p r e s e n t a t i o n  of  v a r i o u s  c o n t a c t  a n g l e s  of m e l t  w i t h  
q u a r t z  c o n t a i n e r .  
F i g u r e  15. I l l u s t r a t i o n  of s u r f a c e  t e n s i o n  changes and i t s  e f f e c t s .  
F i g u r e  16.  Compensation r a t i o  ( c a r r i e r  m o b i l i t y )  i n  c r y s t a l  grown w i t h  
magne t i c  f i e l d  t u r n e d  on p e r i o d i c a l l y .  The as-grown c r y s t a l  
e x h i b i t s  no e f f e c t s  of t h e  m a g n e t i c ' f i e l d .  Upon a n n e a l i n g  
a t  8 5 0 O C  t h e  e f f e c t s  of t h e  magnet ic  f i e l d  become q u i t e  
e v i d e n t .  Another  m a n i f e s t a t i o n  of t h e  dominant r o l e  of 
d e f e c t  s t r u c t u r e  i n  G a A s .  
F i g u r e  1 7 .  Low-temperature ( 4 . 2  K) o p t i c a l  a b s o r p t i o n  s p e c t r a  of n-type 
melt-grown G a A s  i n  t h e  s p e c t r a l  r ange  of p h o t o i o n i z a t i o n  and 
i n t r a c e n t e r  t r a n s i t i o n s  of  t h e  occupied EL2 donor .  ( a )  As-  
grown c r y s t a l ,  (b)  I T C  c r y s t a l ,  i.e., a f t e r  a n n e a l i n g  a t  
1200" C f o r  16  h and quenching.  Note e l i m i n a t i o n  of EL2 
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F i g u r e  6. 
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Figure  7. 
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DIRECTION OF GROWTH 
n 
DIRECTION OF CRYSTAL GROWTH 
-1 mm 
F i g u r e  8 .  
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DISTANCE (WI) 








F i g u r e  11. 
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L/A - LIQUID/AMBIENT 
S/L - SOLID/LIQUID 
S/A - SOLID/AMBIENT 
A QUARTZ 
LIQUID GaAs 
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A small change in y will change the contact 
angle, 8 and the cross section of the liquid column 
8 Y  - cos8 - r v  - Y - 
8 R  
R 
Figure 15.  
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F i g u r e  17. 
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